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ABSTRACT 


A sea cucumber was collected from Gonghyeonjin in the East Sea of Korea at a depth of 50 m on 22 June 2011 and 
was identified as Psolus phantapus (Strussenfelt, 1765). This species belongs to the family Psolidae of the order 
Dendrochirotida based on morphological characteristics and mitochondrial cytochrome c oxidase subunit I sequence 
analysis. Psolus phantapus, which widely distributes in the Arctic and North Atlantic Oceans, is newly recorded in 
the Korean fauna. Two Psolus species including the previously reported P. squamatus are recorded in the East Sea 


of Korea. 
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INTRODUCTION 


Sea cucumbers of the family Psolidae have distinctive mor- 
phological characteristics compared with other families of 
the order Dendrochirotida. The dorsal surface has a contin- 
uous covering of imbricated calcified scales, and the ventral 
sole is soft, demarcated and arranged with rows of tube feet 
along the margin (Deichmann, 1941). The latter characteris- 
tic indicates that the specimen attaches itself to a hard sub- 
strate. The family Psolidae comprises six genera: Ceto Gis- 
tel, 1848; Ekkentropelma Pawson, 1971; Lissothuria Verrill, 
1867; Neopsolidium Pawson, 1964; Psolidium Ludwig, 
1887; and Psolus Oken, 1815 (see Paulay, 2017), of which 
the genus Psolus has been reported from Korea waters by 
previous papers (Rho and Shin, 1986; Shin and Rho, 1996; 
Shin, 2012). The genus Psolus comprises 58 species and 
represents the most successful and widespread genus of the 
family Psolidae (Paulay, 2017). Species of the genus Psolus 
occur in tropical seas as well as in Arctic and Antarctic seas 
(Pawson, 1964). 

DNA barcoding sequence variation in an approximately 
650-bp region of the mitochondrial cytochrome c oxidase 


subunit I (mt-COJ) gene is a powerful tool for identification 
and discovery of species (Hebert et al., 2003; Ratnasingham 
and Hebert, 2007), and the region of mt-COI sequence is 
validated as an effective tool for species discrimination in 
echinoderms (Ward et al., 2008; Hoareau and Boissin, 2010; 
Layton et al., 2016). Over 16,000 mt-COI sequences from 
echinoderms have been deposited in GenBank, providing 
useful data for various research studies and molecular iden- 
tification of species. Ninety-eight mt-COI sequences from 
seven species of the genus Psolus are registered in Gen- 
Bank, and have been used for DNA barcoding of echino- 
derms (Corstorphine, 2010) and Antarctic echinoderm diver- 
sity analysis (O’Loughlin et al., 2011). 

A sea cucumber was collected with a fishing net at a depth 
of 50 m in waters adjacent to Gonghyeonjin of Gangwon-do 
in the East Sea of Korea on 22 June 2011, and was preserved 
in 95% ethyl alcohol. Its important morphological character- 
istics were photographed using a digital camera (G12; Canon, 
Tokyo, Japan). Ossicles were extracted from small pieces of 
the dorsal wall, sole, and tube feet, using an NaClO solution 
(Shin, 2012), and were photographed with stereo and light 
microscopes (Nikon SMZ 1000, Nikon Eclipse 80i; Tokyo, 
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Japan) as well as with a scanning electron microscope (JSM- 
microscopes 6510; JEOL, Tokyo, Japan). The traditional 
taxonomic characters used for morphological description 
as described by Jaeger (1833) and Mortensen (1927) were 
applied to confirm identification of the specimen. The col- 
lected specimen was deposited in the Marine Echinoderm 
Resource Bank of Korea (MERBK), Sahmyook University, 
Seoul, Korea. 

Total genomic DNA was extracted from gonad tissue fol- 
lowing the DNeasy kit protocol (Qiagen, Hilden, Germany). 
The partial sequence of the mt-COI gene was amplified using 
a pair of primers conserved in echinoderms, LCOech1aF1 
(5'-TTTTTTCTACTAAACACAAGGATATTGG-3’') and 
HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA- 
3’) (Folmer et al., 1994; Layton et al., 2016). PCR amplifi- 
cation reactions were performed according to Lee (2011). 
PCR product quality was assessed using a NanoDrop 1000 
(Thermo Scientific, Waltham, MA, USA), and PCR products 
were sequenced using ABI Big Dye Terminator kits (Applied 
Biosystems, Foster City, CA, USA) on a ABI 3730XL DNA 
Analyzer. Pairwise estimates of intra- and interspecific diver- 
gence were calculated with mt-COI sequences of Psolus 
species recorded at NCBI using the Kimura-2 parameter 
(K2P) distance model (Kimura, 1980). 

Previously, Psolus squamatus was recorded from the East 
Sea of Korea (Rho and Shin, 1986; Shin and Rho, 1996; Shin, 
2012), and in the present study, a new Psolus species was 
reported in the East Sea. Thus, two Psolus species were re- 
corded from the East Sea of Korea, and a key for the Korean 
Psolus species was prepared. 


SYSTEMATIC ACCOUNTS 


Class Holothuroidea de Blainville, 1834 
Order Dendrochirotida Grube, 1840 
Family Psolidae Bruimeister, 1837 
Genus Psolus Oken, 1815 


Key to the species of Genus Psolus in Korea 


1. Body large, high and vaulted. Sole with three rows of tube 
feet along margin. Calcified scales of dorsal side small 
E E EE T P. phantapus 

— Body small, almost flat. Sole with two rows of tube feet 
along margin. Calcified scales of dorsal side large -+--+------ 
eee eee eee eee eee ee eee ee eee eee eee eee eee P. squamatus 


1* Psolus phantapus (Strussenfelt, 1765) (Fig. 1A -J) 
Holothuria phantapus Strussenfelt, 1765: 263, pl. 10; Müller, 


1788: 54. 

Psolus phantapus Jaeger, 1833: 21; Gray, 1848: 9; Stimp- 
son, 1853: 16; Lütken, 1857: 12; Selenka, 1867: 342; 
Bell, 1882: 646; Lampert, 1885: 116; Mortensen, 1927: 
415; Hansson, 2001: 348; Paulay, 2017: 124710. 

Psolus granulatus Grube, 1840: 38. 

Psolus laevigatus Ayres, 1851: 63. 

Psolus regalis Verrill, 1866: 353; Bell, 1882: 646. 


Material examined. One specimen, Gonghyeonjin, Gang- 
won-do, Korea, 22 June 2011, at 50 m deep with a fishing 
net. 

Description. Body rather high, vaulted and curved to mouth 
and anus (Fig. 1A). Mouth especially developed into a long, 
conical, tail-like prolongation (Fig. 1C). Body wall thick, 
scales of dorsal side rather small (length = 1.0-2.8 mm, 
width =0.7-2.0 mm) and somewhat granulated. Ventral sole 
rather small (length =7.2 cm, width = 4.3 cm), rectangular, 
narrower than body width. Tube feet in mid-radius with rudi- 
mentary series but with obvious three rows along margin 
(Fig. 1B). Calcareous ring low, with broad anterior radial 
teeth and more pointed anterior interradial teeth, with undu- 
lated posterior margin (Fig. 1D). Polian vesicle single and 
stone canal small, embedded in dorsal mesentery. Respira- 
tory trees well developed. Ossicles of dorsal side spherical 
or oval form with rather complicated structure, grouped into 
two types (Fig. 1E-H): large (Fig. 1E, G) and small ossicles 
(Fig. 1F, H). Ossicles of tentacles with irregularly formed 
perforated plates having six to twenty pores (Fig. 1I). Ossi- 
cles of tube feet with small and perforated roundish plates 
having three to five pores (Fig. 1J). 

Size. Body: length =9.9 cm, width = 5.2 cm. 

Color. Body color is light brown in alcohol. 

Distribution. Korea (East Sea), Okhotsk Sea, Alaska, Arctic 
Ocean, Barents Sea, North Sea, White Sea, North Atlantic 
(Canada, Denmark, Ireland, United Kingdom). 

Remarks. Psolus phantapus is widespread in the Arctic and 
North Atlantic Oceans (Mortensen, 1927; Hansson, 2001; 
Paulay, 2017), and inhabits stones or muddy gravels at 10 
to more than 200 m depth in the British Isles (Mortensen, 
1927; Southward and Campbell, 2006). The Korean speci- 
men was collected from Gonghyeonjin in the East Sea, at 50 
m depth with a fishing net, and seems to inhabit the north- 
ern part of the East Sea, which is influenced by the subarctic 
Liman current. This species is distinguished clearly from 
P. squamatus which is previous recorded species in Korea. 
Body length of P. phantapus (9.9 cm) is twice or three times 
as large as P. squamatus (3.0-5.2 cm). Psolus squamatus has 
large calcified scales in dorsal side (length = 4.4-6.6 mm, 
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Fig. 1. Psolus phantapus, scanning electron microscope photographs (G-J). A, Dorsal view; B, Ventral view; C, Lateral view; D, Cal- 
careous ring; E, G, Large ossicle of dorsal body wall; F, H, Small ossicle of dorsal body wall; I, Perforated plate of tentacle; J, Small 
perforated plate of tube feet. Scale bars: A-C=2.5cm, E-G=100 um, H=50 um, I, J=20 um. 
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Table 1. Inter- and intra-specific pairwise distance values for genus Psolus species, calculated using the K2P distance model, based 
on partial sequences of the mitochondrial COI gene 


Species 1 2 3 4 5 6 7 8 9 10 11 12 13 


. phantapus (Korea; MF347379) 
. phantapus (Russia; GU672427) 0.000 
. phantapus (Russia; GU672428) 0.000 0.000 


phantapus (Canada; HM542350) 
phantapus (Canada; HM543062) 
. phantapus (Canada; HM543063) 0.002 0.002 0.002 0.002 0.005 

. phantapus (Canada; HM543066) 0.000 0.000 0.000 0.000 0.002 0.002 

. antarcticus (Antarctica; HM196613) 0.207 0.207 0.207 0.207 0.204 0.204 0.207 

. charcoti (Antarctica; HM196655) 0.237 0.237 0.237 0.237 0.233 0.233 0.237 0.240 

10. P. chitonoides (Canada; HM542342) 0.105 0.105 0.105 0.105 0.105 0.102 0.105 0.207 0.230 

11. P. dubiosus (Antarctica; HM196601) 0.220 0.220 0.220 0.220 0.217 0.217 0.220 0.070 0.220 0.217 

12. P. fabricii (Canada; HM405487) 0.070 0.070 0.070 0.070 0.070 0.068 0.070 0.220 0.223 0.125 0.230 

13. P. koehleri (Antarctica; HM196638) 0.260 0.260 0.260 0.260 0.257 0.256 0.260 0.280 0.133 0.259 0.259 0.253 


0.000 0.000 0.000 
0.002 0.002 0.002 0.002 


OANAURWNE 
VIDD 


K2P, Kimura-2 parameter; COI, cytochrome c oxidase subunit I. 


width = 2.0-3.4 mm) but P. phantapus has small calcified 
scales (length = 1.0-2.8 mm, width = 0.7-2.0 mm). 

A total of 658 bp of mitochondrial COI gene was obtained 
for the first time from a Korean specimen and was registered 
in GenBank (Genbank accession number: MF347379). The 
Korean P. phantapus data was comparable to P. phantapus 
data of NCBI (Table 1). The intraspecific pairwise distance 
value of P. phantapus was 0.000-0.003, and there were zero 
to three nucleotide variations between the Korean specimen 
and the Atlantic specimens recorded at NCBI (Russia and 
Canada). This sea cucumber is newly recorded for Korea, 
based on the morphological and molecular evidence. Thus, 
two species of genus Psolus are recorded from the East Sea 
of Korea. 
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